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Abstract. Integral field spectroscopy of the central par- 
sec of the Galactic Center was obtained at 2.06 iim using 
BEAR, an imaging Fourier Transform Spectrometer, at a 
spectral resolution of 74 km s~^. Sixteen stars were con- 
firmed as "helium stars" by detecting the He I 2.058 iim 
line in emission, providing a homogeneous set of fully re- 
solved line profiles. These observations allow us to discard 
some of the earlier detections of such stars in the central 
cluster and to add three new stars. The sources detected in 
the BEAR data were compared with adaptive optics im- 
ages in the K band to determine whether the emission was 
due to single stars. Two sub-classes of almost equal num- 
ber are clearly identified from the width of their line pro- 
files, and from the brightness of their continuum. The first 
class is characterized by very broad line profiles (FWHM 
~ 1000 km s~^) and by their relative faintness. The other, 
brighter in K by an average factor of ~ 9, has a much nar- 
rower emission component of width ~ 200 km s^^. Most 
of the emission lines show a P Cygni profile. From these 
results, we propose that the latter group is formed of stars 
in or near the LBV phase, and the other one of stars at 
the WR stage. The division into two groups is also shown 
by their spatial distribution, with the narrow-line stars in 
a compact central cluster (IRS 16) and the other group 
distributed at the periphery of the central cluster of hot 
stars. In the same data cube, streamers of interstellar he- 
lium gas are also detected. The helium emission traces the 
densest parts of the SgrA West Mini-Spiral. Several helium 
stars have a radial velocity comparable to the velocity of 
the interstellar gas in which they are embedded. In the 
final discussion, all these findings are examined to present 
a possible scenario for the formation of very massive stars 
in the exceptional conditions of the vicinity of the central 
Black Hole. 
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1. Introduction 

The very inner region of the Galactic Center (GC) is the 
focus of many studies as it offers the unique opportunity to 
study star formation and the extreme gas kinematics pe- 
culiar tothe vicinity of a 2 .5x 10^ Mq black hole (Genzel 
et al. 1997 , Ghez et al. 1998 ). The presence of an unusually 
broad 2.058 fim neutral helium line in emission was among 
the early known peculiarities of the central infrared source, 
originally called IRS 16 (Hall et al. 1982). Continuously 



improved spatial resolution has made it possible to tie this 
emission to individual stars and to suggest that this emis- 
sion is explained by the presence of massive, young, hot 
stars (Najarro et al. 1997a). However, even if the forma- 
tion of high mass stars was favored in the GC (Morris 
1993), the prediction of evolving starbursts cannot fully 
explain the large abundance of massive, emission- line stars 



which are normally very rare and short-lived (Lutz 1998). 
Therefore, more spectroscopic observations are warranted 
to better understand the unique conditions in the central 
parsec of the Milky Way which can lead to the formation 
of numerous helium emission-line stars. An exact census 
and a precise determination of the physical properties of 
these stars is also important since they should significantly 
contribute to the ionization of the central parsec. 

In this paper, we present new data obtained with an 
original type of integral field spectrometer, an imaging 
Fourier Transform Spectrometer called BEAR, on the 3.6- 
m Canada-France-Hawaii Telescope. The use of this in- 
strument represents an effort to make a significant step 
in associating the best possible spatial resolution and a 
high spectral resolution in the near infrared. The spatial 
resolution is not limited by a slit width, as with a stan- 
dard grating spectrometer. It corresponds to the common 
seeing conditions at the CFH Telescope on Mauna Kea 
at 2 iim (~ 0.6"). The spectral resolution is provided by 
the FTS. To complete the star detection, an adaptive op- 
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tics (AO) image of the same field in the K band was uti- 
lized. The processing of the BEAR data cube is described 
m Sect. |. All the new results obtained from this study 
are presented in Sect. ^, including the display of the He I 
2.058 ^m line profiles of all the detected stars and, for 
the first time, the mapping of flows of interstellar helium. 
A detailed review of the detected stars follows in Sect. ||. 
Finally, a discussion of the nature of the He I stars, of the 
link between these stars and the helium flows, and of a 
possible star formation scenario are presented in Sect. ^. 

2. Observations 

The 3-D data were obtained in July 25, 1997 during a run 
with the BEAR Imaging FTS at the f/35 infrared focus 
of the 3.6-m CFH Telescope. For a detailed description 
of the properties of this type of instrument, we refer the 
reader to Simons et al. (1994), Maillard (1995), and to 
an updated review in Maillard ( ^OOOl ). Briefly, the BEAR 
instrument results from the coupling of the CFHT step- 



scan high resolution facility FTS (Maillard & Michel |982|) 
with a 256 x 256 HgCdTe facility camera. The field of view 
is circular with a 24" diameter, which corresponds to 0.93 
pc at an assumed distance of 8 kpc for the GC (Reid 



1993). The plate scale on the detector is 0.35"/pixel. The 



raw data consist of a cube of 300 planes with an integra- 
tion time of 10 s per image, an image being taken at each 
stepping of the interferometer. In the camera, a narrow- 
band filter (bandpass 4806 - 4906 cm~^) isolates the He I 
2.058 /j,m line. Observation of the GC from Mauna Kea is 
not possible at low airmass (at 42° above horizon at its 
highest). Therefore, the scan was acquired with an airmass 
less than 1.8 to preserve the image quality. The maximum 
path difference which was reached corresponds to a limit 
of resolution (FWHM) of 1.2 cm'^ i.e., 74 km s~^ Much 
higher spectral resolution can be obtained in this mode 
with the instrument (Maillard |200C ). This value repre- 
sents a compromise between the resolution needed to re- 
solve the narrowest features of the line profiles and the 
detection depth. In any case, this resolution is at least 4 
times better than in most of the previous spectral observa- 



tions (Allen et al. 1990 Geballe et al 



1991, Krabbe et al. 1995, Blum et al 



1991, Krabbe et al. 



al. 1995, Tamblyn et al. 1996, Genzel et al. 1996, Najarro 



1995b, Libonate et 



et al. 1997a, to quote the most important contributions to 



this study). A data cube on an A O cali bration star (HD 
18881, rriK = 7.14 from Ehas et al. 1982) was obtained on 
the same night, at exactly the same spectral resolution. 
This procedure was important for the precise correction 
of telluric absorptions since the 2.058 //m line is in the 
middle of a strong CO2 band. 

High spatial resolution images of the inner region of the 
GC in the K band were obtained with the CFHT Adaptive 
Optics Bonnette (Lai et al. 1997] ) equippe d with the 1024 
X1024 HgCdTe KIR camera (Doyon et al. |l99^) on 1998, 
26 June. The total integration time is equal to 480 s from 



the acquisition of 4 times 10 exposures of 12 s each to cover 
a total field of ~ 40"x40", just a little bigger than the 
direct field of the camera (35"x35"). The reference star for 
guiding was a rriK = 14.5 star located 24" from SgrA*. The 
data processing included the filtering of star halos and the 
assemblage of the individual images to build the total field, 
which contains the entire BEAR field. The FWHM of the 
point-spread function (psf) in the final image varies from 
0.13" to 0.20", depending on the distance to the guiding 
star. A slight elongation can be seen on the most distant 
images. Nonetheless, the image quality is roughly 4 times 
better than the seeing-limited BEAR images. 

3. Processing of BEAR data 

The processing of the BEAR data included two major op- 
erations. The first part is the standard processing for any 
BEAR data cube, from the raw data which are interfero- 
grams to the spectral cube. A second part has had to be 
developed specifically to cancel the atmospheric OH emis- 
sion, extract the stars from a very crowded field, and to 
separate, in the spectra, the stellar contribution from the 
background emission. All these steps are briefly described 
below. 

3.1. Cube reduction 

The cube redu ction, made with a package called bearpro- 
cess (Maillard ^000 ), consists of the usual operations of 
flat-fielding of the images of the raw cube, sky subtrac- 
tion, correction for bad pixels, and registration of each 
frame relative to the first one to correct for turbulent 
motions and flexure drifts. All the interferograms are ex- 
tracted from this corrected cube, and the corresponding 
spectra are computed by FFT, leading in this case to a 
384-plane cube, this number being determined as the sum 
of powers of two, just larger than the initial 300 planes. 
The same operations have been made on the reference star 
data cube to yield in the end a single spectrum. From the 
division of the GC spectral cube by this reference spec- 
trum, a new cube was produced, corrected for the instru- 
mental and atmospheric transmission. In order to fully re- 
construct the line profiles, and to apply the instrumental 
phase correction through the field, an oversampled cube of 
1153 frames was computed which contains only the useful 
part of the spectrum after division, between 4827.19 cm~^ 
(2.0716 fj.m) and 4889.74 cm"! (2.0451 /xm). In this cube, 
the separation between frames corresponds to a mean ve- 
locity resolution of 3.35 km s~^, i.e., an oversampling by 
a factor of 12 from the initial cube. 



3.2. OH correction 

The CFHT-FTS is based o n a de sign with dual input, dual 
output (Maillard & Michel 1982). For observations of iso- 
lated objects the source is centered in one entrance aper- 
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ture, while the other one is open on the sky 53" West. This 
makes an automatic correction of the sky emission possi- 
ble, in particular for OH. In the case of an extended field 
such as the GC, a single aperture must be open. Therefore, 
the OH emission strongly contaminates the raw data cube. 
The problem is particularly serious since a strong OH line 
falls at 2.0563 /im, within a typical linewidth of the stellar 
He I line. This OH line is not resolved and thus appears as 
an extended sine function, the natural instrumental line- 
shape of an FTS. In the useful part of the spectrum, a 
second OH line, four times fainter, at 2.0499 /Ltm, falls in 
the continuum. In addition, the OH line intensities do not 
appear to be perfectly uniform over the entire field. 

We applied a method intended to allow the best re- 
moval of these lines, secondary maxima included. First, 
the spectrum of the atmospheric emission (Ssky) to be 
used as template was extracted by averaging the emission 
over about 100 pixels from small areas of the field devoid 
of sources. Then, for each pixel spectrum S of the data 
cube, the following expression was generated, integrated 
in the wavenumber a over the full spectral range : 



E(p) 



(f {S ~ 11 Ssky) 



d a 



The final corrected spectrum is — /im Ssky where 
corresponds to the value of fj, for which is minimum. 
A new cube cleaned of OH emission was created according 
to this procedure, to which all the subsequent operations 
were applied. 

3. 3. Extraction of stellar spectra 

An image of the field of view was generated by co-adding 
most of the frames of this cube, with the exception of 
about 100 frames at each extremity, where division by the 
reference spectrum creates excessive noise. An automatic 
2-D local maximum search was run on this image in order 
to detect the stars. With this procedure a total of 90 indi- 
vidual stars was identified within the circular field of the 
instrument. By using the photometry of Ott et al. (1999) 
for the faintest stars which are in common we determined 
a limiting magnitude of ttik — 13 for the stellar flux inte- 
grated in a 3x3 pixels aperture (or ~ l"xl"). For almost 
the same field as us (a square field of 20"x20" centered on 
SgrA*) 218 stars brighter than niK — 13 are reported by 
Ott et al. (1999) from deconvolved images integrated over 
a 0.25" diameter aperture. Obviously, the main limitation 
comes from the seeing-limited imagery with BEAR in a 
very crowded field. 

A facility program called cubeview (Maillard 2000D , 
specially developed to inspect any BEAR data cube, was 
used to extract the 90 stellar spectra from the cube, by 
integration over a 3x3 pixels aperture, centered on the 
brightest pixel of each detected star image. The final spec- 
tra resulted from a smoothing operation (boxcar func- 
tion) to improve the S/N ratio. This operation was jus- 



tified since the spectral resolution was much narrower 
than the broad stellar line profiles (74 km s~^ against 
^ 1000 km s~^). To search all spectra for the presence 
of the He I 2.058 /im line in emission, a 3(T-detection cri- 
terion was applied to each smoothed spectrum, with the 
noise estimated in the continuum. From the same cube 
a "line cube" was generated. This was done by estimat- 
ing a linear continuum in each spectrum, extracted pixel- 
by-pixel over the entire field, and by subtracting it from 
the original spectrum. Thus, the helium emission was all 
that remained. Using cubeview to inspect the cube images 
within the helium emission range revealed the stars being 
source of a He I emission as bright spots. Note that with 
spectro-imaging data the equivalent of an ideal square fil- 
ter can be applied, isolating only the emission component 
without continuum, thus giving the maximum contrast to 
these stars, more accurately than could be done by imag- 
ing through a narrow-band filter. A few other stars with 
helium emission, for which the automatic detection had 
failed, were found by this method. Finally, the spectra of 
all the stars with helium emission were extracted from 
both cubes, in order to obtain two spectra for each star : 
the total spectrum, and the spectrum of the emission line 
only. 

3.4- Separation of stars and gas 

A co-added image was created with cubeview from all the 
frames of the line cube containing some He I emission. The 
resulting image clearly shows that the emission is con- 
centrated in bright points, likely stars, but also in diffuse 
zones, indicative of interstellar gas lanes. Therefore, a sep- 
aration of stars and gas must be conducted to obtain pure 
stellar line profiles and a spectral cube of the interstellar 
medium (ISM) emission only. 

The He I line profiles detected with cubeview from the 
line cube in the gas patches exhibit a width just equal 
to the spectral resolution, which contrasts with the much 
broader profiles on most stellar points. The increase in 
spectral resolution provided by the BEAR spectrometer 
appears essential for distinguishing the ISM emission from 
the stellar emission. In many of the stellar profiles a nar- 
row component is seen to be superimposed on a broad 
component. In these cases an inspection of the data in the 
vicinity of the star confirms the presence of extended ISM 
emission along the line of sight. Hence, the stellar profile 
can be cleaned of the ISM emission contribution by a lo- 
cal interpolation on the profile. In other line with 
width equal to the spectral resolution appears on top of a 
stellar continuum. This typical linewidth avoids confusion 
with an emission of stellar origin. However, in a few cases 
the emission line on top of a stellar continuum appears 
relatively narrow, about twice as wide as a typical ISM 
line. Only the absence of ISM emission in the neighbor- 
hood of such a star gives confidence in the stellar nature 
of the emission. The ISM emission can also mimic a stel- 
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Fig. 1. Identification of Hel stars with a narrow-line pro- 
file and adaptive optics image of the area. The star posi- 
tions (da, dS) are offset with respect to SgrA* estimated 
from their counterpart in the AO image (see Sect. |3.6|) . 
The small box in each image shows the size of one BEAR 
pixel, corresponding to the brightest pixel detected at the 
star position in the "hne cube" (see Sect. 3^). The 3x3 
pixel square represents the box in which the spectrum has 
been extracted. An analytical profile i s fit ted to each pro- 
file with parameters described in Sect. 3.5, given in the left 
column. Vr is the radial velocity with dVn the l-cr error 
bar (see Sect. |4.3| ). The vertical scale in each spectrum is 
given in multiples of the intensity of the neighboring con- 
tinuum, for which the calibrated value is given in Table |l|. 
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Fig. 2. Identification of He I stars with a broad-line proGle 
and adaptive optics image of the area. The projected boxes 
have the same meaning as in Fig.^ 



lar profile. Indeed, inspection of the cube indicates that, 
in some locations, the ISM emission shows several velocity 
components, which can merge into a broader line. In these 
cases a global inspection of the images confirms that the 
profile is due to ISM emission only. Finally, after all this 
careful selection, a fit to the stellar emission at all the con- 



firmed He I star positions in the line cube was subtracted 
from the spectra, generating a spectral cube of the ISM 
emission. 
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3.5. Fitting of the 2.058 fim emission line profiles 

In the end, 16 stars from the 90 stars isolated in the ~ 1-pc 
field centered on SgrA* exhibit the 2.058 /xm He I line in 
emission, which can be attributed only to the underlying 
star. A homogeneous set of fully resolved line profiles is 
obtained. This signature justifies them being called "he- 
lium stars" . Actually, this designation is not a true stellar 
classification. They are simply stars showing the 2.058 /im 
helium line in emission. In the following the term "helium 
star" or "He I star" will therefore be adopted in this con- 
text. From the stellar positions, the correlation with previ- 
ously identified stars was made from photometric surveys, 



e.g., B lum e t al. ( |l996aD , Eckart & Genzel ( |1997| ), and Ott 
et al. ( |199g| ). Three new helium stars not present in prior 
lists were first noted : Hel Nl, Hel N2 and Hel N3. One 
of them, Hel Nl, coincides with ID 180, a source already 
identified in the photometric survey of Ott et al. ( 19991 ). 
This identification was adopted. 

In order to derive the radial velocities of all these stars, 
simple analytical models were used which take into ac- 
count the P Cygni profile evident in most profiles. The 
2.058 /um He I line has the advantage of not being blended 
with the emission lines of other atomic species which are 
likely to be present in the spectrum of these stars (Na- 
jarro et al. 1997a). Depending on the profile shape, we 



used three types of fitting models (a, b, c). In each case, 
the model yields the FWHM of the emission component, 
and the velocity domain of the full profile, FWZI (full 
width at zero intensity). The center of FWZI defines the 
radial velocity (Vr) of the star. FWZI is also indicative of 
the terminal outflow velocity of the expanding envelope. 

a) For the few profiles with no detectable absorption com- 
ponent, a fitting by a Gaussian profile was used. In this 
case the FWZI is in fact estimated at one hundredth 
of the maximum intensity above the baseline. 

b) For the P Cygni profiles for which the absorption com- 
ponent has a width comparable to that of the emission 
component, a two-Gaussian fitting was applied. FWZI 
is limited with the same criterion as above on the emis- 
sion side, and at one hundredth of the central depth 
below the baseline on the absorption side. 

c) For the stars with a P Cygni profile but showing a 
very broad emission component, a two-compone nt fit- 
ting was used with a profile described in Morris ( 1985 ) 
for the emission component, and a Gaussian profile for 
the absorption component. For the determination of 
FWZI, the boundary of the profile on the red side is 
given by the emission fit. The Gaussian profile is lim- 
ited as above on the absorption side. 

3. 6. Calibration of line profiles 

For flux calibration, the stellar spectra must be extracted 
from the cube which includes the continuum. However, the 
intensity in these spectra is contaminated by the nearby 



stars present in the 3x3 pixel BEAR box centered on 
each helium star. Corrections of this contamination were 
applied with the help of the AO image. In order to do 
this, the star positions and the peak intensities in the AO 
image were all determined with an automatic procedure. 
Then, at each star position, the BEAR psf was placed, 
which is a Lorentzian profile obtained from the calibra- 
tion star data cube with the corresponding intensity. The 
result is an image at the BEAR spatial resolution. This 
reconstructed image was superimposed upon the image 
obtained by co-adding the frames of the BEAR cube with 
only the stellar continuum, by looking for the best match 
of the star patterns between the two images. By this pro- 
cess we determined the appropriate offsets and rotation 
between the two images. With these registration param- 
eters, the BEAR box for each Hel star, centered on the 
bright pixel determined from the line cube was projected 
on the corresponding area of the original AO image. From 
this superposition, in the case of multiple images, the most 
likely identification of the helium star can be asserted, and 
then the contamination by the neighboring stars within 
the square aperture estimated. The absolute star positions 
could be measured at the precision of the pixel size in the 
AO image (0.035"/pixel). They were determined first as 
offsets with respect to IRS 16NE, because this star from 
the AO image is a relatively isolated, bright star. Its posi- 



tion was taken from Ott et al. (1999), but in that paper, 
all the positions are given as offsets relative to the bright- 
est local source, IRS 7, which is unusable in the AO image 
because its image is saturated. In order to present the final 
offsets of all the sources with respect to SgrA*, the posi- 
tion of IRS 7 relative to SgrA* was taken from Menten 
et al. ( 1997 ) and used to derive the IRS 16NE position 
relative to SgrA*. 

4. Presentation of results 

Two classes of Hel stars 

By inspecting the shapes of the full set of He I line profiles, 
two classes of stars can be clearly distinguished. Indeed, 
7 stars show a narrow emission line with a mean FWHM 
of 225 ± 75 km s~^, and 9 stars a very broad emission 
line with a mean FWHM of 1025 km s""'^, all the values 
being within ± 400 km s~^ of this average. The FWZI as- 
sociated with the latter group varies from ~ 1700 km s~^ 
to ^ 3000 km s~^. The stars of each group are gathered 
in Figs. and |^ respectively, with the parameters of the 
fitting of the line profiles, the star names, and the star po- 
sitions as offsets from SgrA*. These positions are given in 
arcsecs at the precision of the position of their counterpart 
measured in the AO image (Sect ^ ). 

Note that most of these profiles are of the common 
P Cygni variety, with the standard absorption on the blue 
side. This absorption is generally shallow for the very 
broad emission lines, since the emission almost fills the 
absorption width, and is deeper for the narrow emission 
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lines. For the broad-line profiles (Fig. a flat top is seen 
for AF, which was already known (Najarro et al. 1994), 
but also for AF NW, IRS 7W, IRS 13E and presumably 
ID 180. All these various types of profile are encountered 



in models of P Cygni profiles (Castor & Lamers 1979) 



Table 1. Continuum $ of the He I stars at 2.06 /im 



Narrow-line stars" 


Broad-line stars'" 


ID 


Name 




ID 


Name 




Nl 


IRS 16NE 


25.93 


Bl 


ID 180 


0.59 


N2 


IRS 16C 


13.23 


B2 


IRS 7E2 


0.77 


N3 


IRS 16SW 


10.87 


B3 


IRS 9W 


1.55 


N4 


IRS 16NW 


9.41 


B4 


IRS 15SW 


1.02 


N5 


IRS 33SE 


8.52 


B5 


IRS 13E3 


2.26 








B6 


IRS 7W 


0.98 


N6 


Hel N2 


(0.76) 


B7 


AF 


3.88 


N7 


IRS 34W 


(1.76) 


B8 


AF NW 


1.84 








B9 


Hel N3 


0.58 




mean* 


13.59 




mean 


1.50 




10"^* W m-^ /im-" 
mean intensity estimated without N6 and N7 (see text) 



Table |i| presents the continuum flux level for each star 
measured at 2.06 /xm, at wavelengths just outside of the 
emission profile, estimated by the procedure described in 
Sect. 3.6. No extinction correction has been applied. As 
these stars are located at the same distance, a comparison 



of flux is possible without correction. From an examina- 
tion of Table 0, it appears that with this distinction of 
two families of line profile is associated another clear dif- 
ference which had not been noticed before, namely the 
level of continuum. The continuum of the stars having a 
narrow profile is bright and with a comparable intensity, 
except for IRS 34W and Hel N2, which have a definitely 
weaker continuum. The continuum of the broad-line stars 
is fainter by a factor 9.0 on average (~ 2.4 mag) than that 
of the narrow-profile stars. The AF star and IRS 13E3 
appear to be the brightest objects of this group, though 
their continuum intensity is weaker by more than a fac- 
tor 3 than the mean value of the narrow-line category. We 
return to these particular cases below. 

The K-band AO image gives the opportunity of esti- 
mating the K magnitude, without extinction correction, 
of the Hel stars. The photometric calibration was made 



by looking in the Ott et al. (1999) survey for a bright star 
common to our list, which is sufficiently isolated, and for 
which the photometry indicates a low index of variability. 
IRS 16NE was chosen as reference star, from which the K 
magnitude of all the other stars was deduced. With the 
same presentation as Table 0, the results are reported in 
Table |. The mean difference of K magnitude between the 



two classes is equal to 2.18. That corresponds to a ratio of 
7.45 against 9.0 measured near 2 ^m. This difference is due 
to the fact that, in the flux reported in Table |l|, the cor- 
rection of the contribution of neighboring stars (Sect. 3.6) 
can be made only by assuming the same spectral distribu- 
tion in the K band for these stars and the He I star, which 
is an approximation. For example, IRS 13E3, which was 
the second brightest star among its group from Table ^ 
is not so prominent in K. Only AF remains 1 mag. above 
the average value. However, the general trend observed at 
2 fim is largely confirmed. Note that IRS 16SW is found 
0.2 magnit ude b righter than the mean value reported by 
Ott et al. ( 1999 ), which is well within the range of peri- 
odic variation reported for this star. The source ID 180 i s 
found to be ^ 0.6 mag. brighter than in Ott et al. ( 1999 ), 
while AF has exactly the same magnitude. 

Table 2. K magnitude of the Hel stars 



Narrow-line stars 


Broad-line stars 


ID 


Name 


rriK 


ID 


Name 


rriK 


Nl 


IRS 16NE 


8.76" 


Bl 


ID 180 


12.12 


N2 


IRS 16C 


9.41 


B2 


IRS 7E2 


11.93 


N3 


IRS 16SW 


9.38 


B3 


IRS 9W 


11.62 


N4 


IRS 16NW 


9.80 


B4 


IRS 15SW 


11.21 


N5 


IRS 33SE 


9.75 


B5 


IRS 13E3 


11.73 








B6 


IRS 7W 


11.85 


N6 


Hel N2 


(12.47) 


B7 


AF 


10.56 


N7 


IRS 34W 


(11.56) 


B8 


AF NW 


11.52 








B9 


Hel N3 


12.47 




mean* 


9.35 




mean 


11.53 



a : from Ott et al. ( [L999[ ) 

* : mean magnitude estimated without N6 and N7 (see text) 



4-2. Comparison with previous lists of Hel stars 

The recent papers dedicated to surveying the helium stars 
in the central region of the GC are those of Krabbe et al. 
(|1995D, Tamblyn et al. (|1996|), Blum et al. (|l996aD and 



Eckart & Genzel ( |l997l ). Blum et al. ( |l996aD present the 
most complete compilation of identified stars with their 
spectral type, refiecting both their own work and that of 
others. In this list, for the first time, the helium stars 
are identified under two denominations : Hel and WC9. 
The latter is a sub-type of Wolf-Rayet stars (WR) which 
in addition to the Hel 2.058 /im line in emission have 
the C III and the C IV lines in their K-band spectrum. A 
comparison of the list of stars that we identify as genuine 



Hel stars with the list of Blum et al. (1996a) shows that 
several of their stars are missing. A few candidates were 
just at the edge of our field and cannot be confirmed. But 
it turns out that, in the other cases, the detected emission 
line can be interpreted as due to the ISM emission and 
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not to the star, or to the background contamination from 
a nearby He I star. Following primarily the list of helium 
stars reported in Blum et al. (1996a), cither as He I or as 



WC9 stars, then in Eckart & Genzel (1997), and at last 
in Tamblyn et al. (1996), all the stars absent from our list 



are worth a special comment : 

- IRS lW:We con firm t hat IRS IW, which is in the hs t 
of Krabbe et al. (|l995|) but not in Blum et al. (|l996a|) , 
where it is giv en as a red star, is indeed not a He I star. 
Blum et al. ( |l995b|) had already shown a spectrum 
of IRS IW with no intr insic He I 2.058 /xm emission 
line and Libonate et al. ( |l995|) had also cast doubt on 
the notion that IRS IW was a compact He I emission- 
line star. That is a case where the line present in the 
raw spectrum at the star position is very narrow. The 
study of the vicinity clearly shows that this emission 
belongs to an ISM gas lane. From the slope of the 
continuum spectrum, polarization measurements, and 
a broadened image profile at high spatial resolution, 
Ott et al. ( |1999D suggest that IRS IW is embedded 
in a hot dust shell. However, a maximum of the ISM 
emission coincides with its position. 

- BSD WC9 : Blum et al. (|l995aD have presented the K- 



band spectrum of this source as an example of a gen- 
uine WC9-type star. The same source is named Blum- 



WC9 by Tamblyn et al. ( |1996D . A nearby source (0.6" 
W and 0.4" S) is listed as BSD WC9B, which is sup- 
posed to be of same type. These two sources fall at the 
edge of our field, and therefore cannot be considered 
in our list. 

IRS 6E : This source is also reported as a WC9 star. 
There is a rather broad (~270 km s~^) emission feature 
but with two maxima in the spectrum toward IRS 6E. 
The helium streamers are complex in its vicinity. The 
star lies just between the Bar and the mini-cavity. We 
interpret these two peaks as two velocity components 
of the ISM emission. 

IRS 29N : We do not confirm a helium star at the 
IRS 29N position, which is listed as a W C9 star by 
Blum et al. and in Eckart & Genzel ( |1997 ). Separated 
by 0.5 " IRS 29S is identified as an Mill star by Krabbe 
et al. (1995). There is no ISM helium emission there. 



This source is located in the neighborhood of the bright 
helium stars in the IRS 16 cluster, so the reported 
detection can probably be explained as contamination 
in the Krabbe et al. data by the nearby helium stars. 
MPE-1.0-3.5 ■ Thi s source is listed as a WC9 star. 
In Ott et al. ( |1999| ) a star (ID 77, rriK = 11-6) coin- 
cides within 0.2", so it is probably the same source. In 
our data this star does not show any He I 2.058 fim 
emission feature. Since it is close to the bright source 
IRS 16NW, it was reported as a helium star probably 
for the same reason as the previous source. 
IRS 15NE : This star falls at the edge of the field and 
cannot be included in our list. 



MPE+1.6-6.8 : A local maximum of the ISM emission 
is seen at the star position, but no stellar emission, 
which would reveal itself by a much larger width. This 



relatively bright star in K (10.56 from Ott et al. |999|) 
might be another embedded star like IRS IW. 
IRS 16CC : No He I stellar profile is found exactly at 
the position of this star. 

OSU Hel : The helium line observed on the line of 
sight to this star is narrow and comes from the He I 
Mini-Spiral. 

IRS 16SE : This source appears in a star list re- 
stricted to th e very inner region studied by Eckart & 
Genzel ( |l997D , who mention 3 Hel stars, IRS 16SE1, 
IRS 16SE2 and a nameless source located 0.91" East 
and 1.99" North of SgrA*. All these sources lie in the 
proximity of strong He I stars and in the Mini-Spiral. 
We do not confirm them as He I stars. 



Tamblyn et al. (1996) used an attractive method to 



find He I star candidates by associating an image taken 
through a narrow-band filter centered on the 2.058 fim 
line. However, their contrast was not sufficient to detect 
the ISM emission and they wrongly claimed that "the 
majority of the Hel emission is from point sources". In 
their list, they report 5 supposed new identifications they 
named GCHel to GCHe5. By inspecting the 5 positio ns we 
find that GCHe2 (or TAM Hel in Blum et al. |l996a| ) is in 
fact IRS 9W, which is confirmed as a He I star, GCHeS is 
IRS 33SE and GCHe4 likely AF NW. Regarding GCHel, 
Tamblyn et al. (1996) indicate a position not more pre- 
cisely than 1.1" NE of AF. This region is at the very edge 
of our field. The current data do not allow us to confirm 
the presence of a helium star there. GCHe5 is identical in 
position to MPE-1.0-3.5, which has been rejected. 

In conclusion, 6 out of 20 early-type stars listed in 



Blum et al. (1996a) as helium stars (noted Hel or WC9) 



are not reported in our list. Three stars were excluded 
from our compilation, because they lie at the edge of the 
clear field : BSD WC9, BSD WC9B and IRS 15NE. Thus, 
11 sta rs are in common. Of the 21 helium stars of Krabbe 
et al. (|199£| ) we retain 13 sources. With 3 new stars which 
are added, the total number of helium stars in the cen- 
tral cluster remains roughly unchanged, but certainly not 
increased. However, this revision can modify some of the 
conclusions on this peculiar population. 

4-.3. Examination of the stellar radial velocities 

With the radial velocities of all the helium stars reported 



by Eckart & Genzel (1997), considered as the most recent 
estimations, and in Krabbe et al. (1995) when the value 
was missing from Eckart & Genzel (1997), we have con- 



structed a plot to compare to our estimations (Fig. g). 
The error bars of each measurement are given, which put 
each star symbol at the center of an error box. In our work 
the error bars of Vr reported in Figs. |l| and || were esti- 
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Fig. 3. Comparison of the estimated radial velocities Vr 
with their error boxes for the stars in common between our 



work and Eckart & Genzel (1997). When not available in 
that paper, the values are from Krabbe et al. ( [1995D . The 
narrow-line stars are represented by a filled diamond, the 
broad-line stars by an open diamond. See Figs. |l| and ^ 
for the star identifications. 



mated by shifting each best-fit profile in velocity, so that 
the maximum error in the obs.-calc. curve was within ± 1 
(7 of the noise. We can notice that our error bars are gen- 
erally smaller than those reported earlier. However, the 
diagonal line does not cross the error box for 3 stars : 
N2, N5 and B2, i.e., IRS 16C, IRS 33SE and IRS 7E2. 
For either N2, which has a particularly narrow error bar 
because the emission is strong, or N5, the stellar profile 
has been corrected for the ISM emission. That may ex- 
plain the observed discrepancy if in Eckart & Genzel's 
work this correction was not done. We return to the case 
of N5 in Sect. 5.1. No correction for ISM emission has had 
to be made for B2. The low contrast of the emission line 



explains a wider error bar. However, the difference of re- 
ported V_R has no obvious explanation, unless IRS 7E2 is 
another spectroscopic binary, which gave two different ra- 
dial velocities when observed at two different epochs (dif- 
ference of ~ 200 km s~^). Further observations are needed 
to assess this plausible hypothesis. 

4.4- Location and kinematics of the He I stars 

From the offsets given in Figs. and a map of the 
He I stars centered on SgrA* is presented in Fig. |[ The 
two classes of stars are distinguished by different sym- 
bols. Another property becomes apparent on this map. 
The narrow-line stars are grouped into a central compact 
cluster, in the IRS 16 region. Actually, 4 of them are desig- 



nated as being components of IRS 16. The new star Hel N2 
is in the middle of them. The most external sources are 
IRS 33SE and IRS 34W, located just a few arcseconds 
South and West, respectively of the IRS 16 cluster. On the 
contrary, the broad-line stars are randomly distributed at 
the periphery of the field, beyond an inner radius of ~ 0.3 
pc from SgrA*. Thus, the two or three emission-line stars 
missing because located at the edge of the observed field 
(Sect. should also belong to the broad-line group. 

In Fig. 1^ are placed all the radial velocities (Vr) re- 
ported in Figs. |l| and ||, with their error bars, as a func- 
tion of the dec-offset of the sources from Sgr A* . This plot 
is constructed with the same axes as a comparable di- 
agram in Genzel et al. (1996) for the early- type stars. 
According to these authors all the stars with a positive 
velocity are concentrated in the upper left quadrant while 
the stars with a negative velocity are in the lower right 
quadrant. They conclude that this diagram shows the sig- 
nature of a coherent retrograde motion of all early-type 
stars - a population of stars which contains mostly the He I 
stars - around an approximately East- West axis of rota- 
tion through SgrA*. From our equivalent diagram (Fig. [H]) 
with the velocities of the 16 confirmed He I stars, we note 
that stars are present in all 4 quadrants, with, however, a 
trend to be mostly distributed along a diagonal through 
the opposite upper left and lower right quadrants, which 
is consistent with a revised version of the same diagram 
by Genzel et al. (|00^. 
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Fig. 4. Spatial distribution of helium stars from the offsets 
reported in Figs. ^ and ^, with respect to SgrA* marked by 
a cross. The symbols have the same meaning as in Fig. || 
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Fig. 5. Radial velocities with their error bar of the helium 
stars as a function of the dec. -offset from SgrA* (see Figs. ^ 
and 1^) . Filled and open diamonds have the same meaning 
as in Figs. and 0. 



4-5. Absorption line stars 

From the systematic inspection of the 90 stellar spectra 
extracted from the data cube, it appears that some stars 
might present a broad absorption feature at t he position 
of the He I 2.058 fim line. Tamb lyn et al. ( 1996 ), and more 
completely Hanson et al. ( 1996 ) have observed all types of 
OB stars in the K band. They show that giant and super- 
giant 0-typc stars, roughly from 05 to 09 may have the 
He I 2.058 /im line in weak absorption. The search for such 
stars was conducted with the same method as the one ap- 
plied to the emission line stars. Similarly, a smoothing of 
the raw spectra was made since the absorptions are broad 
(FWZI between - 900 and 1500 km s"!) and shallow. 
The more noticeable detections correspond to the sources : 
IRS 7SE, IRS 14SW, MPE-1.1-2.2 and IRS 3. From the 
photometric survey of Ott et al. ( 1999 ), these stars are 
relatively bright {mx between 10 and 11.3) with a low 
index of variability. Note that IRS 14S W and IRS 3 are 
indicated as cool stars in Blum et al. (1996a), with the 
latter characterized as "embedded" by Eckart & Genzel 
(1997). Hence, this absorption can be of an origin other 



than photospheric helium. However, IRS 7SE and MPE- 
1.1-2.2 remain as potential OB star candidates. Observa- 
tions over a wider spectral range are necessary to confirm 
the spectral nature of these two sources, which deserve 
further attention as possible indicators of the presence of 
0-type stars in the central cluster. 



peak value of the corresponding spectrum in the ISM cube. 
The emission appears clearly distributed in coherent gas 
lanes. By comparing with the interstellar emission previ- 
ously mapped in Ne"*" at 12.8 /im by Lacy et al. ( |1991| ) and 
in Br7 (Morris & Maillard 2000 and references therein) we 
see that this emission emanates from the Mini-Spiral, par- 
ticularly prominent the Northern arm and the Bar. The 
mini-cavity can be also recognized. The Eastern arm is 
weak, except in an elongated feature at its western tip, at 
da = — 1.5", di5 = — 2.5", showing a very distinct and ex- 
treme redshifted velocity. This component appears clearly 
in the integrated ISM velocity profile shown in Fig. 0, 
where it forms a separated maximum at + 275 km s~^. 
The same peak of veloc ity is observed in the Br7 data 
(Morris & Maillard 2000) at the same position on the hy- 
drogen streamers. The full range of velocity covered by 
the He I mini-spiral is identical to the range measured in 
Br7, i.e., - 400, + 400 km s^^ (Morris & Maillard ^OOOl ). 
However, the helium ISM emission appears simpler than 
the Br7 emission, as attested by the line profile extracted 
at each pixel which appears always as a single and nar- 
row emission peak, except where the main streamers are 
crossing. For example, three components are exceptionally 
observed where the Northern arm, the Bar and the fea- 
ture of the Eastern arm are superimposed, at da — 3", 
dS =-6". We already mentioned that the linewidth of a 
single component is exactly equal to the current limit of 
resolution. We can conclude that the velocity width of the 
helium streamers is certainly < 70 km s~^, however with- 
out being much narrower, since no sine function profile is 
observed. 



4-7. Comparison of the radial velocities of the He I stars 
and the local ISM 

As already mentioned, for several fully resolved He I line 
profiles, a narrower emission line from a helium streamer 
is seen superimposed on the stellar profile. By comparing 
the Vr of these stars derived from their P Cygni profile 
emission (Figs. |^ and H) with the radial velocity of the 
Hel streamer along the same line of sight, we note that 
for many of them the two velocities are quite comparable 
in amplitude, and with the same sign. The comparison 
is presented in Table ^ with the narrow-line stars in the 
upper part, and the broad- line stars in the lower part. 



5. Notes on individual Hel stars 

In the following we discuss the peculiarities of some of 
the emission line profiles separated into the two classes 
presented in Figs. |^ and ^, and in Tables |^ and ||. 



4-6. Helium streamers 



5.1. Narrow-line stars 



An image of the interstellar helium emission is shown in 
Fig. H It was constructed by putting at each pixel the 



- [N3] IRS 16SW : This star shows a clear P Cygni 
profile with a FWHM of the emission component of 



10 



Paumard et al.: New results on the Hel stars in the Galactic Center 



10 



-5 



-10 



» - 
*0 




10 





da { Arcsec ) 



-10 



Fig. 6. Image of the helium streamers in the 2.058 /im 
line. The emissions of stellar origin have been subtracted 
as much as possible. Small residuals remain. The position 
of SgrA* is marked by a cross at the center of the field. 
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Fig. 7. Full velocity profile of the He I Mini-Spiral ob- 
tained by extracting the spectrum from the ISM cube over 
a mask covering most of the emission. The calibrated fiux 
density is an average by arcsec^ over the area of this mask. 



258 km a~^. However, from all the stars of this class 
(Fig. P this one has the largest positive radial veloc- 
ity of 354 km s^^. Ott et al. (1999) have been able to 



show from photometric observations that this star is a 
short-period variable, and therefore is probably a mas- 



Table 3. Comparison of the radial velocities of the Hel 
stars and the local ISM 



ID Name 


Vr Star (km s"^) 


Vr ISM (km s-^) 


Nl IRS 16NE 
N2 IRS 16C 
N6 Hel N2 
N7 IRS 34W 


+ 1 ±30 

- 24 ±17 

- 97 ±60 
- 175 ± 100 


+ 16 

- 84 

- 58 

- 150 


B2 IRS 7E2 
B3 IRS 9W 
B6 IRS 7W 


+ 85 ± 130 
+ 221 ± 55 
- 292 ± 45 


+ 70 
+ 309 
- 250 



sive eclipsing binary. Consequently, the radial velocity 
plotted in Fig. ^ is not representative of the system it- 
self, because of the contribution of the orbital velocity 
which could be as high as 677 km s~^ from Ott et al. 
(1999). This might explain the reason for which the 
diagonal in Fig. ^ barely crosses the error box. 
[N5] IRS 33SE : Its Hel line profile does not show 
a P Cygni profile. This star lies in the helium Mini- 
Spiral, and the spectrum of the source before correc- 
tion shows several ISM components, one of which falls 
where the absorption component should be. It was not 
possible in the correction of the stellar line profiles to 
recover this probable absorption component. There- 
fore, IRS 33SE might have a regular P Cygni profile 
which would imply a less positive radial velocity than 
displayed in Fig. |^. It would explain the discrepancy 
with the estimation of Eckart & Genzel (1997) noted in 
section and shown in Fig. ||, as long as the estima- 
tion was based on the line of an element not present 
in the Mini-Spiral. It cannot be from Br7 for which 
the ISM emission s trong ly affects the stellar profiles 
(Morris & Maillard |00§) . 

[JV6] HeIN2 : A nearby star, I RS 16C C, is reported as 
a helium star in Blum et al. (1996a), but by combin- 
ing the BE AR data and the AO image as explained 
in Sect 3.6, we find that the true helium star is in 



fact a fainter star, located 0.6" South and 0.3" East of 
IRS 16CC. This newly detected helium stars lies both 
in the wings of He I stars IRS 16NE and IRS 16C and 
in the Northern Arm of the ISM emission, which makes 
it difficult to identify. This star has the weakest rriK in 
the narrow-line profile group (Table ||), with a value 
typical of the broad-line group. 

[N7] IRS 34 W : T his identification is reported in 
Krabbe et al. ( [1995[ ) while Blum et al. ( |1996aD indi- 
cate simply IRS 34. From the AO image there are effec- 
tively two stars of comparable brightness, IRS 34E and 
IRS 34W, 0.4" to the South-West, within the BEAR 
box. The value of the continuum given in Table I and 
the magnitude in Table |^ is corrected for the contribu- 
tion of IRS 34E. With the S/N ratio of the spectrum 
(Fig. 0) we cannot confirm a P Cygni profile for this 
line. This star has an rriK value comparable to that 
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Fig. 8. Zoom of the K-band adaptive optics image in con- 
tour on the IRS 13E complex showing the 3 stellar com- 
ponents. The square box represents the position of the 
maximum intensity BEAR pixel at the IRS 13 position in 
the line cube, projected on the AO image. IRS 13E3 is 
considered to be the helium star (see Sect. f>.2\j. 



of Hel N2. These two stars form a sub-grou p in t he 
narrow-line group, which is discussed in Sect. 6.1.2. 



5.2. Broad-line stars 

— [Bl] ID 180 : This star is another of the newly de- 
tected helium stars. It falls in coincidence with a sta r 
for which the photometry is given in Ott et al. ( 119991 ). 

— [B2] IRS 7E2 : We propose this new identification for 
the helium star initially indicated as IRS 7E. From 
the AO image (Fig. ||) there are clearly two compo- 
nents, not noted before, that we defined as IRS 7E1 
and IRS 7E2, separated by 0.37". IRS 7E2 is well cen- 
tered within the BEAR box. The flux in Tables |^ and 
^ is corrected correspondingly. 

— [B5] IRS 13E3 : This helium star was originally desig- 



nated simply as IRS 13E (Krabbe et al. 1995 and Blum 
et al. |l996a| ). In a later paper, IRS 13E1 is given as the 
helium star (Najarro et al. |l997a ), whose photometry 
is given by Ott et al. ( |1999 ) along with the other com- 
ponent IRS 13E2, indicating two equally bright com- 
ponents {rriK — 10.26) separated by ~ 0.14", which is 
the current limit of resolution of this work after decon- 
volution. By a local zoom of the AO image (Fig. ||), a 
fainter third component is seen, that we call IRS 13E3. 
By applying the procedure described in Sect. ^^6] the 
bright BEAR pixel is projected onto the AO image. 
The flux in the 2.058 /im line could come from either 



13E2 or 13E3. The helium source in this complex is a 
broad-line star, therefore with a relatively weak con- 
tinuum. As the faintest component, IRS 13E3 is the 
most plausible candidate. The K magnitude in Table |^ 
corrected accordingly {rriK = 11.73) provides a value in 
agreement with the magnitude of the stars of the same 
group, which would not be the case with IRS 13E2. 
Of course, only diffraction-limited spectro-imaging can 
unambiguously confirm this identification. Otherwise, 
the line profile presented in Fig. |2|is one of those where 
an important correction to remove the ISM contribu- 
tion, made of several components, was needed. This 
results in a very flat top. 

— [B7] AF : This object has been long recognized as a 
helium star and has been the subje ct of detailed stud- 
ies, in particular by Najarro et al. ( 1994 ). However, in 
the broad-line class of objects this star is an excep- 
tion, with a continuum brighter than all the members 
of this group (Tables ^ and ||). The intensity of the 
emission relative to the continuum (Fig. ^ is compa- 
rable to the intensity of other stars of this group, but 
intrinsically, the line emission is the most intense of all 
the helium stars. From the AO image, there is a clus- 
ter of 5 sources with one dominant source. The BEAR 
aperture contains this source plus two of the fainter 
sources. From Ott et al. (1999), this star presents a 
strong index of variability, the origin of which is not 
determined. The possibility that the variability is peri- 
odic should be checked, as that might indicate a com- 
pact binary star which could explain the peculiarity of 
this star. At any rate, AF cannot be considered as typ- 
ical for all the othe r He I stars, as implied by Najarro 
et al. (|1994 |l997a| ). 

— [B9] Hel N3 : This is the third new helium star. Its 
corresponding object in the AO image was found with 
a K magnitude (Table ||) in agreement with the mean 
value found for the broad- line stars. The line shows the 
largest redshift among all these stars. The error bar is 
large since the emission is relatively weak. The S/N 
ratio is not high enough to show a P Cygni profile. 



6. Discussion 

The main results from this study of the helium emission- 
line stars in the central pc of the Galactic Center can be 
summarized as follows : 

1) Sixteen fully resolved P Cygni emission line profiles, 
purely of stellar origin, are extracted. 

2) They divide into two distinct classes, with narrow and 
broad-line profiles. 

3) The stars in each group have a comparable K mag- 
nitude but the two groups show a mean difference of 
^ 2 mag. 

4) The spatial distribution of the two groups is different. 
The narrow-line objects are all arranged in a central 
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cluster, while the other class are dispersed in a ring 
beyond a radius of ~ 0.3 pc from SgrA*. 
5) ISM emission of helium streamers which follow the 
Mini-Spiral is discovered. The radial velocity of these 
flows seen along the line of sight to a large fraction of 
the helium stars is comparable to the radial velocity of 
the underlying star. 

Hence, we must examine all the observed findings to 
determine what they tell us about the nature and the for- 
mation of these stars. 

6.1. The stellar type of the He I stars in the inner GC 

The P Cygni lineshape for the helium emission of most of 
the stars we observed indicates that all of them are hot 
stars which possess an extended atmosphere in rapid ex- 
pansion. However, the two different classes of line profile 
associated with the remarkable anti-correlation with the 
continuum brightness call for two different types of hot, 
helium-rich stars. IRS 16C and IRS 7W are typical exam- 
ples of each class. The differences cannot be ascribed to 
orientation, such as an equatorial gaseous envelope seen 
edge-on or pole-on, as has been proposed to explain the 
two different types of emission line profiles in Be stars. 
Over the set of sources a continuity in the linewidths would 
be observed, with a double peak in some cases, while a sin- 
gle line is always observed, but with two radically different 
linewidths. These profiles are clearly suggestive in all cases 
of strong wind outflows. To which stellar types do these 
different profiles belong? Do they correspond to massive, 
hot stars but at two different stages of evolution? 

6.1.1. The stellar types of massive, hot stars 

The question of the stellar type of the He I stars has al- 
ready been examined by all the authors who have previ- 
ously studied this stellar population. Note that they all 
make the preliminary remark that the study of the early- 
type GC stars forces a revision of the usual stellar clas- 
sification criteria, generally based on visible spectra, to 
find their translation in the near infrared. This has trig- 
gered various spectroscopic studies of hot stars conducted 
in the K band, by Hanson & Conti ( 1994[ ), Blum et al. 
( |l995bD , Tamblyn et al. ( |1996D , Morri s et a l. ( |1996D , Han- 
son et al. ( 1996 ), and Figer et al. ( 1997 ). It turns out 
that the hot stars which exhibit the He I 2.058 /zm line in 
emission belong to a large variety of spectral types, from 
normal Oe, Be stars and B supergiants (Hanson et al. 



1996) to sub-types of peculiar, luminous stars which are 



the B[e], LBV (Luminous Blue Variables), WR stars, and 
intermediate types like ON, Ofpe, Ofpe/WN9, undergoing 
a strong mass loss. Discussion of these various stellar types 



and the metallicity, have been proposed by Meynet et al. 
(1994). A typical sequence for massive stars, for example 
of 60 Mq, is : O, Blue Supergiant, LBV and WR, as they 
evolve to becoming SNs. The WR stars represent the final 
stage of evolution of massive O stars of initial mass > 40 
M0. Two main sub-classes, the WN and the WC stars, 
depend on their phase of nucleosynthesis, the WC stars 
being the most evolved of the WR stars (Abbott & Conti 



1987) 



The K-band atlas of Figer et al. ( |l997|) is devoted to 
the WR stars. These authors conclude that from this spec- 
tral range it is not easy to distinguish between individual 
sub-types, in particular for WC stars since their K spec- 
tra tend to be quite similar. Regarding the 2.058 /zm line, 
they show that this line is present in late WN-types and 
otherwise, is particularly prominent in WC9 types. That 
is partially confirmed by Tamblyn et al. (1996), who also 



mention a strong 2.058 /itm line with a P Cygni profile 
for the WN8 and the LBV members of their star sample. 
They also note the line in simple emission, for the few 
late ON-type and early B-type supergiants they observe. 



Hanson et al. (1996) detect the line in emission for OeV 



are included in Libonate et al. (1995) and in Tamblyn et 



al. (1996) who discuss the helium stars in the GC. Tracks 
of evolution of massive stars, depending on the initial mass 



et BeV stars but with a complex profile, and otherwise in 
supergiant Bl stars. Finally, it seems difficult to draw very 
clear conclusions since all these intermediate classes, such 
as LBV, ON or Ofpe, represent very rare groups of stars. 
For example, from a rev iew o f the statistics of LBVs and 
related stars by Parker ( |1997|) , there are only 5 confirmed 
LBV stars in the Milky Way disk, including the two fa- 
mous examples P Cygni itself and r] Car, and only 26 more 
within 8 nearby galaxies, including the LMC and SMC. 
However, Parker notes that there are more candidates if 
more "liberal definitions" are applied, which means that 
it is not possible to generally assign a strict spectral type 
to these stars, in particular from a study carried out only 
within a limited spectral range. 

The WR stars are know n for extremely broad emis- 
sion lines (Abbott & Conti |l987|) , for which the values 
of ^ 1000 km s~^ and more are typical, comparable to 
the FWHM reported in Fig. |. On the other hand, the 
line profile observed for He I in the LBV star P Cygni 
is quite comparable to the 2.058 /xm line profiles we call 
narrow-line profiles (Fig. |l]). High resolution observations 
of the i nfrared emission lines of P Cygni by Najarro et al. 
( 1997h| ) give lines with profiles having widths fitted by a 
model with a terminal velocity of 185 km and a Te// 
of 18,100 K. The existence of an extended helium envelope 
for P Cygni is given by the interferometric observations of 
VakiU et al. (1997) in the He I 6678 A line. They estimate 
a photospheric radius R* = 76 ± 15 R0 and an extent of 
the helium envelope of 12.5 R*. 



6.1.2. The He I stars as LBV and WR-type stars 

Thus, from only the consideration of the two distinct types 
of He I line profiles, the helium stars with narrow- line pro- 
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files should be most closely related to LBV-type stars, 
while the other group to WR-type stars, without trying 
to be more specific. Tamblyn et al. (1996), who had al- 



ready noticed few He I stars in the inner pc with nar- 
rower line profiles, have considered whether these sources 
might be LBVs. They contest this hypothesis on the basis 
that LBV stars are a too brief phase of stellar evolution, 
which explains their rarity, and that these stars are not 
hot enough to be efficiently detected in the 2.058 /xm emis- 
sion line. This conclusion is based on the observation of 
only two galactic LBV stars, of which effectively only one 
(P Cygni) shows clearly the 2.058 /um line in emission, 
whereas the other has a poor S/N ratio. Thus, these ar- 
guments are not very convincing. 

One of the general parameters which distinguishes 
these two types of stars is their range of effective tem- 
perature (Teff). Hence, a range of T^ff is reported from 
observations of LBVs (Crowther |1997| ), from 8000 K to - 
25,000 K, while for WRs the range is definitely beyond, 
from 30,000 to - 90,000 K (van der Hucht et al. |199lD. 



For all these stars, the 2 ^vcl region is far from the maxi- 
mum of emission. However, although hotter, the WR stars 
are intrinsically dim among massive stars, because of their 
relatively small photosphere radii. WC stars are typically 
10^ Ijq. These can be contrasted to LBV stars, which sit 
near the Humphreys-Davidson limit, typically above 10^ 
L0. This fundamental difference is attributable to the co- 
pious mass loss experienced by the most massive O stars 
(M ~ 120 M0) which will end their lives with a mass be- 
tween 5 and 10 M©, when they are WR stars. Thus, this 
distinction between LBV and WR fits also with the ob- 
served difference in K magnitude between the two groups 
of He I stars (point # 3 of the summary) . 

The particular cases of IRS 34W and Hel N2 must 
be discussed within the framework of this classification. 
These two stars belong to the LBV-type group from their 
line profile, but with an rriK typical of the other group (Ta- 
ble ^ . The few galactic LBVs studied in detail are known 
to be characterized by giant eruptions which are followed 
by dust obscuration. From the r econstructed light curve 
of 77 Car (Humphreys et al. 199£ ), the maximum obscura- 
tion lasted about ^ 40 years since the last eruption. From 
its pre-outburst level it had undergone a 4-mag visual ex- 
tinction. These two LBV-type star candidates might be in 
such a phase. 

In conclusion, we propose that the class of narrow-line 
stars consists of LBVs or related stars in the 10,000 to 
20,000 K range of Tg//, while the second class consists 
of much hotter stars (> 30,000 K), late-type WR stars, 
predominantly in the WC9 stage, according to the con- 



clusions of Figer et al. (1997) from their K-band atlas of 



WR stars. The latter is also in agreement with the clas- 
sification properly made for one helium star (BSD WC9) 
by Blum et al. (1995a). However, from these considera- 



tions only, the mere distinction between luminous blue 
stars and LBVs is not really possible. Strictly speaking. 



variability should be established to identify an LBV. That 
is only suggested by the status of IRS 34W and Hel N2 
compared to the other sources of the group. While WR 
stars seem the most likely for one group, only the proxim- 
ity in evolution pleads in favor of LBV-related status for 
the other group, which is discussed in the next section, 
in relation to their spatial distribution (point ^ 4 of the 
summary) . 
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Fig. 9. Observed radial velocity of the He I stars as a func- 
tion of projected distance from SgrA*. Symbols have the 
same meaning as in Fig. 0. 



6.2. Spatial distribution of the Hel star and their 
formation 

Is the above classification the result of a sequence of evolu- 
tion, since LBVs are precursors of WR stars? A parameter 
to take into account is the initial mass of the progeni- 
tors. An important conclusion of the evolutionary tracks 



of Meynet et al. (1994) is that, for the most massive stars 
- > 120 M0 - the LBV stage is avoided to go directly from 
O or Of to late WN, then WC and SN. Therefore, to be 
of the same age, the LBV-type stars must have originated 
from massive O stars in the range 40 to 120 M© while 
the WR group should be originating from stars of initial 
mass > 120 Mq, which thus reached directly the WR stage 
where they are currently observed. 

The placing on Fig. ^ of the radial velocities as a func- 
tion of the projected distance of the sources from SgrA"^ is 
another way of showing the two groups clearly distributed 
in two concentric volumes around SgrA"^, with approx- 
imately equal velocity distribution. If we adhere to the 
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coeval formation scenario, then the difference of spatial 
distribution of the two types of He I stars, presented in 
Figs. ^ and ^, must be explained in this context, and we 
ask if that should be the signature of the star formation 
process. 

6.2.1. The WR-type star ring 

Figs. ^ and ^ suggest that there are no orbits of WR stars 
in planes perpendicular to the plane of the sky, since we 
do not see any of them projected close to SgrA*. Also, 
we measure radial velocities for these stars between — 300 
km s~^ and + 600 km s~^ (Fig. So, the orbits cannot 
be in the plane of the sky either, or all the Vrs would be 
close to 0. Thus, in agreement with Genzel et al. (200C), we 
can conclude that the orbits of these stars reside roughly 
in a disk inclined by 40° off the plane of the sky, with 
quasi-circular orbits, which fits with their distribution in 
a ring of ^ 0.2 pc radial width, centered on SgrA*. The 
sign of the radial velocities (Fig. |5|) is consistent with the 
orbits described in a general clockwise sense, as derived 
from proper motions studies (Genzel et al. 2000| ). However, 
these authors note that "the fit of the best Keplerian disk 
model to the He I star velocities is poor" . 

6.2.2. The LBV-type star cluster 

The stars with narrow-line profiles are grouped in a clus- 
ter close to SgrA*. If circular orbits are also assumed for 
these stars the orbital radii must be small in order for 
them to appear as a cluster in projection. For the closest 
He I stars to SgrA* (N2, N3 and N4 in Fig. |, within a 
radius of 0.06 pc) the orbital velocity should be of the or- 
der of 600 km s~^. The largest measured radial velocity is 
354 km s~^ for N3, so pure Keplerian motions are possi- 
ble for these stars. With such velocities on a small orbital 
radius, a proper motion becomes detectable within a few 
years, as reported by Ghez et al. (199S) and Genzel et 
al. ( pOOO| ). Then, for star N2 (IRS 16C) for which a Vr 
of only - 24 km s~^ is measured (Fig. ||) the modulus of 
the projected proper motion velocit y is 4 80 km from 
the measurements of Genzel et al. ( ^OOOl ). With the cor- 



rection for projection an orbital velocity consistent with 
circularity is possible. At least, from the observations, very 
elongated orbits are excluded. 

6.2.3. Tentative conclusions 

The massive, hot stars are concentrated in the central pc 
around SgrA*. To remain concentrated in that position 
requires that their orbits are dominated by the gravita- 
tional field of the central Black Hole. From the conclu- 
sions of Genzel et al. (2000), the overall rotation of the 



gaseous disk orbiting the central black hole, less than ^ 
5 Myr ago from the life-time of WR stars. However, our 
observations imply that the stars differentiated according 
to their distance from the central Black Hole, into two 
star groups, distinguished by their initial mass, with more 
massive stars forming at a larger distance. This could be 
obtained, actually, if the initial disk was formed of two sep- 
arate rings, one with a mean radius of ~ 0.04 pc, the other 
one of ~ 0.3 pc. If in addit ion, the SgrA* cluster (Genzel 



et al. 1997 , Ghez et al. 1995) is considered, it continues the 
trend toward smaller masses located inward. These stars 
form a separate thi rd gr oup of main sequence, early-type 
stars (Genzel et al. 2000 ). Then, all these early-type stars 
may have formed in the same star formation event from 
a gaseous disk around the central mass, but with annular 
structures, probably caused by tidal forces, which remain 
to be explained. 

6.3. The link between He I streamers and He I stars 

As very hot stars and with helium dominating their chem- 
ical composition, WR stars are sources of a strong ionizing 
flux (Schmutz et al. 1992), thus implying the presence of a 
hard UV field in the inner pc. This is consistent with the 
presence of the helium Mini-Spiral (Fig. ^) we detect in 
emission in the near infrared, since hard ionizing photons 
are required to excite this line in the ISM. However, this 
UV field cannot penetrate very deep into the flows, be- 
cause it will be blocked by the dust. Therefore, the helium 
streamers should delineate the inner regions of the gaseous 
Mini-Spiral. That is likely the reason for which the helium 
emission map (Fig. 3|) appears simpler than in Br7 (Mor- 
ris & Maillard |200C ), and why the linewidth is relati vely 
narrow (< 70 km s~^). However, as mentioned in Sect. [4.6| , 
the same main emission structures are seen in He I and in 



He I cluster is a remnant of the original angular momen- 
tum pattern in the interstellar cloud from which these 
stars formed. Indeed, they may have formed together in a 



Br7, as well as in Ne+ (Lacy et al. |l99l[ ). The ISM hehum 
data cube indicates that the gas is distributed in several 
flows. But these gaseous orbits do not follow the early-type 
star distribution which has been described above. This im- 
plies that the overall kinematics of the gas and these stars 
are different. However, we noticed a similarity of radial ve- 
locity (point # 5 of the summary) between the He I stars 
and the He I streamers, along the same line of sight (Ta- 
ble |3|). This suggests that the kinematics of the streamers, 
within a radius of ^ 0.5 pc from SgrA*, become mainly 
dominated by the gravitational field of the central Black 
Hole. At further distances reached by the Mini-Spiral, the 
field is more complex, with the contribution of all the other 
stars, which are essentially late-type stars. From the pho- 
tometric survey of the central 5 parsecs of the Galaxy by 
Blum et al. ( 1996a| ) it can be estimated that ^ 80% of 
the known stellar population is comprised of stars iden- 
tified as late-type giants and supergiants (e.g. IRS 7) by 
their CO absorption (Blum et al. [1996b| ). These K, M and 
AGB stars which correspond to a mass range of 2-8 Mq 
(except for the few supergiants) are likely much older (~ 
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10® - 3x10^ yr) than the current Helium stars. They must 
have been produced in a totally different star formation 
event. They are stars with important mass loss, but not 
of helium-enriched material. Hence, this suggests that the 
observed concentration of He I stars should be the major 
source of enhancement of the helium abundance in the in- 
ner GC. From the average mass loss rate reported for LBV 
and WR stars, and with the presence of around 20 of such 
stars, the total mass loss rate, only from all these stars in 
the central pc, could be estimated at ^ 2xl0~^ Mq/jt. 
The dynamical time for the gas in the streamers of SgrA 
West is about 10^ yr, so on this time scale, ~ 20 M© of 
He-enriched stellar material might be mingling with the 
infalling matter in the streamers. The observed similar- 
ity of velocity, in amplitude and sign, of the He I stars 
and of the flows suggests a close link in the formation of 
both. The helium-rich Mini-Spiral might be the precursor 
of the disk in which will form the next, massive, hot star 
generation. 



move all the identification ambiguities. As illustrated here, 
this should be combined with a spectral resolution of at 
least 5000, which is not an easy goal. 

Finally, it would be important to conduct similar stud- 
ies in other stellar clusters like the "Arches" and "Quintu- 



plet" clusters (Figer et al. 1999a, 1999b) where the identi- 
fication of LBV stars has also been proposed, notably the 



Pistol star (Figer et al. 1999c), to determine comparatively 
the conditions of evolution of young compact clusters at 
Galactocentric distances well beyond the central pc of the 
Milky Way 
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New results on the population of He I stars in the inner 
region of the Galactic Center have been obtained with 
the firm indication of two classes of massive hot stars, 
which suggest a formation in a disk of gas around SgrA*. 
This analysis is based on a single line, the He I 2.058 /im 
line. Of course, while that is not sufficient to establish a 
complete spectral classification, one can nonetheless con- 
sider that this study represents a necessary initial selec- 
tion test, since it has been shown that several stars in 
previous studies were wrongly considered as He I stars. 
By consequence, it illustrates also the risk of false detec- 
tions in the search for emission-line stars toward the inner 
Galaxy simply by using narrow-band photometry centered 
on the He I 2.058 /im line, or other near-infrared emission 
lines. The importance of high spectral resolution combined 
with high spatial resolution is paramount for distinguish- 
ing stellar and interstellar emission. Similar data obtained 
with BEAR already exists on Br7 (Morris & Maillard 
200C ) . With the same effort for separating the stellar and 
the interstellar component, the Br7 line profile for the 16 
confirmed He I stars should be retrieved, making another 
test on this stellar population. The next goal is a larger 
spectral coverage to complete the spectral criteria. That 
has already been done by several previous works, but al- 
ways at medium resolution and with slit spectrometers, for 
which the source confusion is not easily controlled. Only 
a slitless technique like that employed by BEAR makes 
this control possible. Also, similar studies on other critical 
lines must be conducted. However, the next major step, 
instead of spectro-imaging at seeing-limited resolution as 
we have presented, and tried to improve by combining 
with AO imaging, will be infrared spectro-imaging at the 
diffraction-limited spatial resolution of a large telescope. 
That is the only way to detect more sources in order to re- 
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